ABSTRACT
INTRODUCTION
2|ISI n+1 -ISI n |/(ISI n+1 +ISI n )) (Holt et al. 1996) . The rhythm index is a measure of the strength of 190 oscillating patterns within a given period. To derive the rhythm index, autocorrelograms for 191 simple spikes were first plotted in Spike2 for each Purkinje cell, with a width of 1.0 s, an offset 192 of 0.5 s, and a bin size of 5 ms. Numerical values of the plot were then exported to Excel, and the 193 rhythm index was calculated using previously published equations (Lang et al. 1997; Sugihara et 194 al. 1995 ) that were integrated into our custom Excel macros. First, the baseline level (average bin 195 count) was calculated using the formula: in which t n is the time lag of the nth peak or valley and t 1 is the time lag of the first peak.
206
Oscillation frequency was calculated as the inverse of the time lag of the first peak (1/ t 1 ). The 207 rhythm index was calculated with the following formula:
208 rhythm index = a 1 / z + b 1 / z + a 2 / z + b 2 / z + ... groups, non-parametric statistical analyses were performed with the Kruskall-Wallis test (H),
219
followed by a Dunn's multiple comparison test for post hoc analyses between two groups (p).
220
The values generated for comparisons of simple spike rates, CV, and CV2 between the different 221 age groups are listed in Tables 1, 2, record from adults at age P60-P65. We collected data from both males and females at each age. we found a simple spike CV of 0.83 ± 0.37 and CV2 of 0.63 ± 0.14, and a complex spike CV of 334 0.78 ± 0.13, which were not statistically different from awake mice, in which we found a simple We analyzed complex spike and simple spike traces by binning the data that we collected to be juvenile but with a mature cerebellar structure, to mice at P60-65, which we consider to be 384 the beginning of adulthood (P29-P31 vs. P60-P65: p > 0.999) (Fig. 4A ).
386
Then we analyzed simple spike rate to determine how they behave as development proceeds.
387
In contrast to complex spikes, simple spike dynamics were more protracted over development. (Fig. 4B) . The increase in simple spike rate was 395 therefore gradual over time (Table 1) , which was reflected in the upward trend of the data.
These findings indicate that complex spike and simple spike firing frequencies have different 398 trajectories during development. The data also show that in mice, the overall firing frequency of
399
Purkinje cells reaches functional maturity at approximately four weeks of age.
400
Purkinje cell complex spike firing is more regular and exhibits limited change over time,
402
whereas simple spike firing is irregular and dynamically shaped during development 403 We next wondered what the variability is in the inter-spike intervals. We found that complex 404 spike firing patterns were remarkably consistent across all the ages that we analyzed. We found In contrast to the complex spike patterns, we found that the developing simple spike firing 412 patterns were dynamic. We report an average simple spike CV of 0.83 ± 0.37 at P60-P65 (Fig. 413 5B). During development however, simple spike CV is higher, and thus decreases over time.
414
Average CV was 1.47 ± 0.68 at P14-P16, 1.81 ± 1.0 at P17-P19, 1.51 ± 0.79 at P20-P22, 1.07 ± 415 0.71 at P23-P25, 1.23 ± 0.87 at P26-P28, and 0.91 ± 0.46 at P29-P31 (H = 22.39, p = 0.0010).
416
We found a significant difference when we compared P14-P16 to P60-P65 (p = 0.036), but not 417 P29-P31 to P60-P65 (p > 0.99) (Fig. 5B ). This decreasing trend in CV during development
418
indicates that young Purkinje cells fire at variable intervals ( Although Purkinje cell firing in vivo is not highly rhythmic at maturity, their firing pattern is 425 in fact relatively regular (P60-P65: CV = 0.83 ± 0.37) (Fig. 5B) . Because we noticed a somewhat 426 chronic pattern of spike clusters (which we refer to here as "bursts") on low power views of the raw traces (Fig. 3) , in spite of a significantly higher CV at P14-P16 compared to P29-P31 (Fig. 428 5B), we wondered whether the irregular firing in developing Purkinje cells was highly rhythmic Purkinje cells (0.63 ± 0.14; H = 24.3, p = 0.0005) (Fig. 6 ). Similar to our findings on simple 435 spike rate and CV, the increase in CV2 between each age group showed an increasing trend 436 (Table 3) , though statistical significance is obvious when we compare the P14-P16 mice to the 437 adult mice (P14-P16 vs. P60-P65: p < 0.0001) (Fig. 5) . We next used an autocorrelation analysis Regardless, the overall variability in the composition of complex spikes underscores the idea that 527 even though postnatal developing Purkinje cells already receive climbing fiber input, the 528 complex spikes that are generated are diverse and age-specific. It also raises the possibility that 
592
We concentrated on lobules VI-VII of the vermis and CrusI-II of the hemispheres because they 
668
A, Schematic of an autocorrelogram from a P15 Purkinje cell (Fig. 7A) showing the specific 669 measures used to calculate the rhythm index (as described by Sugihara et al. 1995 ; see methods). Significance is denoted by asterisk, non-significance is denoted by "ns". 
